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Novel Negative Electrode for Rechargeable Alkaline Electrochemical 
Generators, and Method of Fabricating It 

by F. Tedjar and J. Guitton 

The invention relates to an electrode intended for use as the negative electrode of 
5 primary and secondary cells with an alkaline electrolyte. 

It is known that negative electrodes for alkaline systems are generally made of a 
metal, namely: zinc, cadmium, or iron. 

The severe toxicity problems with cadmium have led to numerous attempts to find a 
replacement for cadmium as an anode material. The objective is to find an anode 
10 material that is able to provide the good rechargability performance of cadmium. 
Metal hydrides have been proposed as a possible solution, to replace cadmium in 
alkaline electrochemical generators. However, cells made with metal-hydride anodes 
have relatively low potential differences. 

Metal anodes made of zinc perform well, as proven in electrochemical generators of 
15 the following kinds: 

saline Leclanche cell 
alkaline Leclanch6 cell 
silver-oxide/zinc alkaline cell 
i mercury-oxide/zinc alkaline cell 

20 zinc/halogen cell 

However, a major disadvantage with zinc anodes is that they behave as an electrode 
of the first kind in a saline medium and in the strongly alkaline mediums used in 
electrochemical generators. In the latter case, the reaction products are: 
25 Zn — > Zn2 + + 2er 

Zn2+ + 20hh— > Zn(OH)2 

Zn(OH)2 + 20hh — > ZnQ? 2 - 

Attempts at electrochemical redeposition of zinc on the negative electrode lead to 
problems with this electrode that affect the performance of electrochemical 
30 generators. 
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The present invention relates to the development of a zinc anode and an electrolyte 
that make it possible to recharge this type of electrochemical generator. 

The cathode materials that can be used with the subject-matter of the present 
invention are: MnQ2, NiOOH, AgO, Ag20, air, and HgO. 

The invention Is based on the following concept: 

The recharge problems posed by zinc electrodes, manifesting themselves in the 
formation of dendrites, are connected with: changes in pH; significant variations in 
zincate ions concentration at the metal-electrolyte interface; and lack of buffer effect. 

Taking zinc and putting it with a zinc salt (ZnX, insoluble in potash) and its 
conjugated anion (Xrr, solubilized in electrolyte) leads to the creation of an electrode 
that does not have the above-mentioned drawbacks. These conditions are obtained 
by putting the carbonate ion and zinc carbonate together with the zinc. The present 
invention thus concerns, firstly, the fabrication of the zinc/zinc-salt electrode. The 
process can also be extended to a manganese-based electrode. 

Fabrication of the zinc/zinc-sait electrode 

The behaviour of zinc in an alkaline medium, and the values of the acidity-constants 
of the carbonate ions, lead to a multiplicity of precipitation products, depending on 
the concentrations ratio (Zn^/CC^ 2 -). The appropriate basic carbonate precipitation 
conditions are those leading to a compound whose chemical analysis shows a 
composition as follows: 

ZnC0 3 , 1.5 ZnO, 1.5 H 2 0 

which, when subjected to X-ray analysis, must show water distribution in accordance 
with hydroxyls, thus leading to a hydrozincite structure having the formula Zn5(C03)2 
OH6. The solubility of this compound in the alkaline electrolyte is 1.08 x 10" 5 M/litre. 

Preparation of basic zinc carbonate 

The zinc carbonate is prepared by the action of potassium hydrogen carbonate on 
zinc heptahydrate sulfate, at boiling. The reaction is continued, for at least three 
hours, and a white precipitate is obtained. The precipitate is filtered and washed till 
the sulfate ions and carbonate ions disappear in the washing water, which is checked 
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using a 5% BaCl2 solution. When the addition of a few drops of the barium solution 
no longer gives any further precipitate in the rinsing water, the precipitate is dried at 
9Q°C, and then crushed and screened. 

The basic zinc carbonates that can be used are those resulting from: 

- the action of sodium carbonate on zinc sulfate: 
Zn 4 C0 3 (OH) 6l H20 

- the action of sodium bicarbonate on zinc sulfate: 
Zn5(C0 3 )2 0H6 

- the action of potassium carbonate on zinc oxide in suspension: 
4ZnO,(C03) f 2H20. 

Checking by X-ray diffraction should show the product obtained as being indexed as 
per a basic zinc carbonate (example: hydrozincite with the formula Zri5(C03)2 OHq : 
A.S.T.M. no. 19-1458). 

Preparation of the electrolyte 

The electrolyte is obtained by dissolving 520 g of K2CO3 per litre of 40% KOH. After 
cooling, the solution is filtered on white-strip filter paper. 

Preparation of the composite anode 

The electrode is then prepared by mixing between 15 and 35% zinc by weight and 65 
to 85% hydrozincite. The composite mixture thus obtained is moistened with the 
electrolyte introduced in the present invention. The dry mixture obtained is then 
moistened by the carbonate-of-potash electrolyte. To the paste obtained, 2% HgO 
and 2% dibasic lead stearate are added, and then the result is spread on a stainless- 
steel grille and dried at 70°C in a drying cabinet whose atmosphere contains between 
30 and 45% water vapour. The electrode-charging operation is performed in the 
potash electrolyte saturated with potassium carbonate. 

First charging of the electrolyte 
Ex-situ charging 

The first charging of the electrode is performed intensiostatically between 465 mAh/g 
and 870 mAh/g of active matter. The intensity is set at a value relative to the 
expected charge capacity, specifically at a twentieth of said capacity. Charging is 
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performed in the electrolyte that is a subject-matter of the present invention. The 
temperature must be controlled and set at between 15 and 35°. The counterelectrode 
suitable to be used is a stainless-steel grille. 

The active mass obtained can be used, as is, in a plate-type generator. It can also be 
detached and crushed for use in a generator of the tubular type, button type, or 
central-anode type (alkaline LeclanchS type). 

In-situ charging 

Charging can also be performed in situ after the assembling of the generator, 
consisting in putting together the appropriate positive electrode with the negative 
electrode and the electrolyte that are the subject-matters of the present invention. 
The electrical conditions are the same as for ex-situ charging. However, the 
maximum permissible charge voltages for the generator are set according to the 
nature of the positive electrode, as set out below: 

Positive electrode Maximum permissible 

voltage (volts) 

Mnp2 1.75 

NiOOH 1.65 

HgO 1.58 

Ag 2 0 1.70 

Air 1.60 



This prescription remains valid for subsequent recharge cycles. Complying with this 
voltage-limitation makes it possible to maintain good cohesion of the active mass of 
the negative electrode that is the subject-matter of the present invention, and is 
conducive to durability of the generator thus constituted. 



Use of said negative electrode 
1 . Use in free electrolyte 

The negative electrode constituting a subject-matter of the present invention can be 
used in plate form in a free electrolyte, with an NiOOH positive electrode. 

Fig. 1 shows the curve of the discharge-charge characteristics. 
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Fig. 2 shows the curve of the voltage of the generator so constituted, as a function of 
capacity, for two discharge regimes. 

Fig. 3 shows the curve of the voltage, as a function of the number of cycles. 
2. Use in confined electrolyte 

The negative electrode constituting a subject-matter of the present invention is used 
in an IEC R20 primary cell, whose Mn02-based positive electrode, and whose 
separator, are moistened by means of the electrolyte that is a subject-matter of the 
present invention. 

Fig. 4 shows the discharge characteristics with a fixed 5-ohm resistor, for the 40th 
and 60th cycles. 

Fig. 5 shows the discharge and recharge curves for the 20th, 40th, and 60th cycles, 
with the discharges being performed at a constant rate of 100 mA and the recharges 
atC/n. 

Fig. 6a shows the curve of the voltage during the discharge-recharge cycles. In 
Figure 6b, the voltage is shown as a function of the number of cycles, taking as the 
voltage value the value Vf obtained at the end of each discharge (before the following 
recharge) as indicated in Fig. 6a. 
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CLAIMS 

1. A negative electrode for electrochemical generators with aqueous alkaline 
electrolytes, characterized by the combination of a metal material, namely zinc, and 
the following compounds: 

ZnC0 3l ZnO 
Zn5(C0 3 )2 (OH)e 
K2CO3 

dibasic lead stearate 

2. A negative electrode for electrochemical generators with aqueous alkaline 
electrolytes, characterized by the combination of a metal material, namely 
manganese, and the following compounds: 

MnO 

MnC03, XH2O 
KOH, K2CO3 
dibasic lead stearate 

3. Method of fabricating the claimed electrode, characterized by the making of a 
composite anode by combining metals and their corresponding carbonates according 
to claims 1 and 2, together with an alkaline electrolyte composed of KOH and 
potassium carbonate. 

4. A negative electrode as claimed in claims 1 and 2, fabricated as claimed in claim 
3 and working with alkaline electrochemical generators whose cathodes are 
composed of MNO2, NiOOH, AgO, Ag 2 0, HgO, and air. 



